The presence of arsenic in zinc sulphide concentrates is particularly harmful, because it creates problems in zinc electrolysis. The main source of arsenic in non-ferrous metallurgy is arsenopyrite (FeAsS). In oxidative roasting of zinc concentrates, FeAsS oxidizes to arsenic oxides (As 2 O 3 , As 2 O 5 ). In this connection a natural FeAsS was examined, and also the distribution of arsenic in the products of the roasting process, the cycle of sulphuric acid obtaining and the leaching of zinc calcine were studied. The arsenic contamination of soils in the vicinity of nonferrous metals smelter KCM SA, Plovdiv, Bulgaria as a result of zinc and lead productions has been studied.
INTRODUCTION
Arsenopyrite (FeAsS) is the most common mineral of arsenic sulphides. The arsenic amount in the zinc concentrates varies within wide limits (0.001-0.88%)
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. When the content of arsenic is high, a large part thereof is oxidized to As 2 O 5
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. It reacts with hematite (obtained by the oxidation of pyrite), resulting in the formation of stable iron arsenate, which is non-volatile, and about 70-80% of the arsenic stays in the calcine. Monhemius and Swash 3 identify arsenic in the calcine as arsenate. The remainder of the arsenic is oxidized to As 2 O 3
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, which is volatile and is carried away by the roaster offgas leaving the furnace for roasting in a fl uidized bed (FBF) 6 . A part of the arsenic passes into the obtained acid in the sulphuric acid production 7 . During the hydrometallurgical leaching of zinc calcine the iron arsenate is dissolved
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: 2FeAsO 4 + 3H 2 SO 4 → Fe 2 (SO 4 ) 3 + 2H 3 AsO 4 (1) The major reactions of sulphides and arsenides oxidation in an acid medium in the elevated temperature o C) and an oxygen over-pressure (350-700 kPa) involve total oxidation of the sulphidic sulphur to the sulphate form and of arsenic to the arsenate form 10-12 . Oxidation reactions: 4FeS 2 (20 o C), depending also on the ratio Fe:As and pH of solutions 13 . The ratio between Fe and As in zinc sulphate solutions is very important, because the co-precipitation of arsenic is facilitated by a higher content of Fe in the solution during neutral leaching.
Purifi cation of the zinc sulphate solution from arsenic is of great signifi cance because arsenic leads to adverse effects during zinc electrowinning. Arsenic is more electropositive than zinc, and its presence in the electrolyte strongly reduces the coeffi cient of current effi ciency. Hydrogen is released onto the impurity at lower overcurrent. Therefore, when arsenic ions are released on the zinc cathode, the detachment of hydrogen is increased.
On the other hand, when arsenic is released on the more electronegative zinc, it forms micro galvanic pairs and thus induces opposite dissolution of the zinc already detached on the cathode. On the reverse side of the zinc cathode sheet, holes characteristic of arsenic appear on the surface. For this reason, the arsenic content in the electrolyte is limited to 0.1 mg/dm 3 . In the processing of arsenic-containing sulphide zinc, copper and lead concentrates, there is a risk of contamination of the soil, water and atmosphere with arsenic 21 . According to the study of Materaa et al.
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90% of the arsenic in the soil is in the form of ferric arsenate (FeAsO 4 ). Sheppard 23 reported that FeAsO 4 has high phytotoxicity, and the threshold level value (TLV) is below 40 mg kg -1 . In this context, the aim of the present study is to perform characterization of natural FeAsS using various methods. In industrial conditions in KCM SA, Plovdiv (Bulgaria) it is necessary to study the distribution of arsenic between the products of oxidative roasting of zinc concentrates, the products from zinc calcine leaching, as well as in the production of sulphuric acid in order to reduce the harmful effects of arsenic in zinc hydrometallurgy and the environment.
EXPERIMENTAL
The chemical analysis of the samples was performed by inductively coupled plasma (ICP-OES) model iCAP 6300 from Thermo Scientifi c (England).
The X-ray diffraction analysis was carried out with an apparatus "TUR-M62" (Dresden, Germany) equipped with a computer-controlled HZG-4 goniometer with Co-K a radiation and Bragg-Brentano geometry. Data base (Powder Diffraction Files, Joint Committee on Powder Diffraction Standards, Philadelphia PA, USA, 1997) was used for the phase identifi cation.
Mössbauer spectrum (MS) was obtained at room temperature with a Wissel electromechanical Mössbau-er spectrometer (Wissenschaftliche Elektronik GmbH, Germany) working at a constant acceleration mode. A 57 Co/Cr (activity  45 mCi) source and an a-Fe foil standard were used. The experimentally obtained spectrum was treated using the least squares method. The parameters of hyperfi ne interaction such as isomer shift (IS), quadrupole splitting (QS) and effective internal magnetic fi eld (H eff ) as well as the line widths (FWHM) and the relative weight (G) of the partial components of the spectrum was determined.
Thermogravimetric and differential thermal analyses (TG-DTG-DTA) were performed on a Stanton Redcroft thermal analyzer STA 780 (England) in the temperature range 20-1100 о С, with a heating rate of 10 o C min -1 , sample mass of 10.0 ± 0.3 mg. Zirconium melting pots of d = 4.5 mm were used and the purging gas was 100% air with a fl ow of 50 mL min -1 . Scanning electron microscope (SEM) Philips 515, digitized, with detectors for secondary electron image (SEI), accelerating voltage 30 kV, and magnifi cation of 40 000 X was used to study the natural arsenopyrite.
RESULTS AND DISCUSSION

XRD analysis
The X-ray diffraction analysis (Fig. 1) shows the presence of a composite with a very high degree of crystallization.
A main phase FeAsS is identifi ed. There is also a small amount of crystalline phase with possible inclusion of other elements. Most likely this is a phase As 4 S 4 , whose content is below 2%.
DTA and TGA analysis
The performed DTA and TGA analysis (Fig. 2) show the presence of two exothermic effects at 511°C and 608°C.
Based on data from literature and results from TG curve it can be concluded that the most likely mechanism of the oxidation of arsenopyrite is: 2FeAsS + 5O 2 (g) → Fe 2 O 3 + As 2 O 3 (g) + 2SO 2 (5) Some amount of pyrrotite forms above 500 
SEM study
We investigated the natural FeAsS which contains micro amounts of Si, K, Pb, O (Table 1) determined by SEM ( Fig. 3a and Fig. 3b ). The Mössbauer study spectrum (Fig. 4) shows the presence of an independent paramagnetic doublet with hyperfi ne parameters, respectively: isomer shift (IS) = 0.26 mm/s, quadruple splitting (QS) = 1.06 mm/s, line width (FWHM) = 0.49 mm/s and a relative weight (G) = 100%.
These hyperfi ne parameters (Table 2 ) are typical for low-spin iron ions in the second oxidation and tetrahedron coordination, which is characteristic of the compound arsenopyrite.
DISTRIBUTION OF ARSENIC IN ZINC HYDROME-TALLURGY AND SULPHURIC ACID PRODUCTION
Roasting of sulphide zinc concentrates in a fl uidized bed
The scheme of the hydrometallurgical production of zinc using Waelz process for the processing of zinc cakes includes roasting of zinc concentrates as a fi rst stage which is carried out under the following conditions: FBF (type "Lurgi" company, Germany) 6 surface 68 m The results obtained (Table 3) show that arsenic is relatively evenly distributed between the calcine by overfl ow threshold and dust from roaster off-gas. This indicates that in the oxidative roasting the bulk of arsenic is oxidized to As 2 and Ni 2+ in activated cementation) with zinc powder this low As content prevents the obtaining of highly toxic arsine (AsH 3 ). The resulting fi ltration zinc cake has an arsenic content (0.18%) signifi cantly higher than in the calcine. This is due to the smaller amount of cake as compared with the calcine and the substantial degree (over 98%) of hydrolysis purifi cation of arsenic. In addition to the zinc cake there are also other raw materials in the charge for Waelz processing that contribute the content of arsenic to reach 0.18%.
On the basis of data from the Waelz process it can be concluded that arsenic is distributed between Waelz oxides and copper clinker. Reduction conditions likely contribute to a partial reduction of As 5+ to As 3+ and obtaining of the volatile As 2 O 3 .
Upon oxidative roasting of the resulting Waelz oxides in a tube furnace a very small decrease of the arsenic content is observed in the roasted oxides. This is further proof that under oxidizing conditions arsenic remains in the solid phase.
Sulphuric acid production
The scheme for the sulphuric acid production is by the "Lurgi" company, Germany 6 . Sampling points in the production of sulphuric acid and gypsum (Fig. 7) are:
Even if part of the arsenic is oxidized to volatile As 2 O 3 there are good enough conditions on the way to the dry ESP for it to further oxidize to As 2 O 5 . In terms of receiving sulphuric acid clean of arsenic this is good, but the passage of nearly all arsenic in the calcine and dust is unfavorable for zinc production 31 .
Leaching of zinc calcine and Waelz process
The zinc calcine leaching is carried out in a continuous two-hydrometallurgical circuit (neutral and acidic stage) with dilute sulphuric acid (60-70 g/L). In neutral cycle hydrolytic purifi cation of As, Sb, Ge, Ga, In, Tl at 50-60°C is performed. The resulting zinc cake was processed by Waelz process. For this purpose, rotating tube furnaces with a diameter of 3 m and a length of 40 m are used. Waelz oxides are leached with a solution of sulphuric acid. The resulting solution of zinc sulphate is included in the main cycle or used to obtain crystalline ZnSO 4 . The lead cake is processed in lead production.
Sampling points for the study of arsenic distribution at zinc calcine leaching and Waelz process (Fig. 6 ) are: 1 -calcine input (SP 1); 2 -fi rst agitator (SP 2); 3 -last agitator (SP 3); 4 -solution by neutral thickener (SP 4); 5 -cake by neutral thickener (SP 5); 6 -waelz charge (SP 6); 7 -waelz oxides before roasting (SP 7); 8 -waelz oxides after roasting (SP 8); 9 -copper clinker (SP 9).
The results for the distribution of As (Table 4) indicate that its content in the zinc calcine is below 0.08%, and this value is restrictive as the upper limit. Data for the following items present very well the hydrolysis purifi cation to arsenic. The initial solution in the fi rst agitator through continuous calcine leaching contains Table 4 . Arsenic content in SP from zinc calcine leaching and Waelz process Figure 7 . Sampling points of sulphuric acid production plant Figure 6 . Zinc calcine leaching and Waelz process units 79 mg/L As, followed by oxidation of Fe 2+ with KMnO 4 and subsequent hydrolysis of Fe 3+ to Fe(OH) 3 and coprecipitation of impurity ions of As, Sb, Ga, In, Tl and the like.
The arsenic content lowers to 0.3 mg/L, which is benefi cial to the technology used and the subsequent zinc electroextraction.
The value of the arsenic content in the solution of neutral thickener (<0.05 mg/L) is signifi cantly lower than the last agitator, which shows that the process of co-precipitation continues in the thickener. This is a very benefi cial process because the low content of arsenic in the neutral solution of zinc sulphate will not adversely affect the electrolysis.
1 -scrubber (SP 1); 2 -solution by fi lter press (SP 2); 3 -cake by fi lter press (SP 3); 4 -gypsum (SP 4); 5 -H 2 SO 4 product (SP 5). The results from the chemical analysis for arsenic are presented in Table 5 .
Data from the chemical analysis show that the gases for production of sulphuric acid are further purifi ed from arsenic in the scrubber.
Arsenic passes into the washing acid and is derived from this unit by the resulting cake and partly by technical gypsum. The sulphuric acid obtained has a very low arsenic content, which allows it to be used multilaterally, including in the production of fertilizers.
The characteristics of the natural FeAsS outlined herein and the study of arsenic distribution between products in zinc hydrometallurgy and sulphuric acid production contribute to optimal carrying out of technological processes. This helps prevent the harmful effects of arsenic in zinc electroextraction and obtain sulphuric acid containing minimal amounts of arsenic.
Monitoring of soil contamination with arsenic
The Non-ferrous Metals Smelter (KCM SA) is situated near Plovdiv (Bulgaria) and is the biggest producer of Zn, Pb, Cd, lead and zinc alloys in Central and Eastern Europe. The production activity at KCM SA started in 1961 with the inauguration of the zinc plant, and followed with the lead plant in 1963. Now the production list includes: zinc ingots, sulphuric acid, zinc sulphate "A" and "B", cadmium, refi ned lead, lead-copper matte, speiss, bismuth lead, DORE alloy, lead and zinc alloys, coin alloys, silver bars, gold, silver and gold wires 32 . In the past KCM SA was a "hot" spot on the Bulgarian map in connection with the contamination of soil, air and water with aerosols, Pb, Cd, Zn, SO 2 , etc.
The main pollutants of soils in the region are lead, cadmium and zinc. This is due to the characteristics and specifi city of the KCM SA metallurgical production -pyrometallurgical method of lead production and hydrometallurgical method of zinc production. Increased regulations regarding soil contamination with arsenic require monitoring with respect to this element too. In this regard, control of soil contamination with arsenic near KCM SA has started from 2012. The coordinates of the monitoring points are presented in Table 6 .
Based on the processing of the results of the chemical analysis of processed zinc and lead concentrates in KCM SA and the requirements for their charging the following conclusions were made:
1. In the processed zinc concentrates arsenic content varies between 0.001 and 0.88%. Due to the specifi c requirements for the content of arsenic in the solution for zinc electrowinning its content in the charge should not exceed 0.08%.
2. The content of arsenic in the lead concentrates is high and is in the range of 0.01 to 2.53%. The average content in the preparation charge is about 1%.
The main contribution in both atmosphere pollution with aerosols and soil pollution with heavy metals is due to lead production.
In this regard, a comparison of contamination with arsenic and lead in soil monitoring points from Table 6 ( Fig. 8 and Fig. 9 ) was made. The results presented from the analysis of soil contamination with As indicate that it is below the TLV for all tested points.
With respect to the lead content at all points, it is greater than the TLV = 80 mg/kg. In points 5 and 7 lead contamination is signifi cant and exceeds many times the TLV.
Compared to data from 2000, when soil monitoring began, the lead content has been kept within similar values. This indicates that the implementation of environmental projects in KCM SA for about 100 million USD has stopped further contamination of soil with lead. Similar results were also obtained for zinc and cadmium
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. A new plant for lead production (AUSMELT) for more than 105 million USD is currently being built. With this new project in addition to improving the technical and economic indices of lead production, the target is also signifi cant reduction of environmental pollution.
CONCLUSIONS
1. On the basis of this study it was found that in some zinc concentrates the content of arsenic (usually as FeAsS) often exceed acceptable values for the hydrometallurgical zinc production.
2. Natural FeAsS is characterized using XRD, DTA and TGA, Mösbauer spectroscopy, SEM.
3. A presence of iron as arsenates was established in the residue after oxidation of FeAsS, which created prerequisites arsenic to get into the solution, obtained by leaching of zinc calcine with sulphuric acid.
4. A suitable purifi cation of zinc sulphate solutions from arsenic can solve this problem.
5. With the implementation of a new installation AUSMELT for lead production in 2014 a signifi cant reduction in environmental contamination with lead, as well as Zn, Cd, As, SO 2 , etc., is expected.
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